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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
Junebearing strawberries have been a popular food choice by consumers in the past, 
and demand continues to be high for the fruit of this herbaceous perennial (Childers et al., 
1995). Fertility, weeds, fungi, and insect pests must be managed to produce a high quality and 
profitable strawberry crop. Strawberry growers typically use mechanical and chemical means 
to manage their pest problems. Strawberry production techniques recently have been 
scrutinized for their role in environmental degradation and food safety issues, including the 
level of pesticide residue on fruit. Consumers have shown particular concern over the use of 
some pre-plant and post-plant pesticide products. Methyl bromide is an example of a pre-plant 
soil fumigant used in some strawberry production systems that has been declared unsafe (due 
to ozone depletion) by the Environmental Protection Agency and its use will be discontinued in 
2001 (Thomas, 1996). Many herbicide manufacturers are choosing not to develop or re-
register existing herbicides due to market size and other concerns (Pritts and Kelly, 1993). 
Strawberry producers face a fundamental shift in their production practices as the public 
debate on pesticide safety continues and as fewer herbicides become available for use. Current 
strawberry production practices will have to change in order to maintain yields, a high quality 
product, and remain profitable. Previous production practices will need to be reevaluated and 
new, or modified, production practices will need to be developed. The use of naturally 
occurring pesticides, such as natural weed control products, may provide solutions to some 
weed management problems. 
Com gluten meal (CGM) and com gluten hydrolysate (CGH) are natural weed control 
products that are currently being developed for use in fruit production (Nonnecke and 
Christians, 1993). The objectives of this experiment were to evaluate the efficacy of com 
gluten hydrolysate as a weed control product and nitrogen (N) source for matted-row 
strawberry. 
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Thesis Organization 
This thesis contains one manuscript to be submitted to H ortScience for publication. A 
general introduction and review of literature precedes the manuscript, followed by general 
conclusions. The format of the manuscript follows the guidelines for the journal. 
Literature Review 
Weed management 
Weed management refers to the practice of using the available information known about 
weed life cycles and interfering with them in a way that benefits the crop, or the plants that are 
preferred in the site. Weed management begins by first identifying which plants in the 
agroecosystem to target as "weeds," or unwanted plants that are growing in the crop planting 
site. The target weed populations also must be defined. Are they annual, biennial, or perennial 
weeds? Are they monocotyledonous (monocots) or dicotyledonous (dicots)? Are the weeds 
deep or shallow rooted? Successful weed control must take these variables into account to be 
effective. Strategies should also benefit the crop as much as possible while inhibiting the 
development of weed growth to the extent that weed populations remain below economic 
thresholds. Keeping weed growth below economic thresholds may not require the inhibition 
of all weed growth in a field, but only that amount that will reduce profits in current or future 
years (Pritts and Kelly, 1997). 
One can interfere with a weed's life cycle in a number of ways, but most techniques fall 
into one of two categories, either preemergence or postemergence practices. These two main 
tactics are used both separately and in combination. Each strategy contains a vast group of 
specific weed management techniques that can be suited to address special pest and 
environmental circumstances. 
By using a preemergence strategy, the weed seed is inhibited from developing into a 
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self-sustaining plant and therefore, from competing with crop plants for scarce resources (e.g., 
moisture, nutrients, and sunlight). This may be accomplished by reducing the number of seeds 
in the seedbank through tillage, soil fumigation, and the introduction of seed degrading 
organisms. Alternatively, the use of some preemergence herbicides may allow the seed to 
germinate, but induces death of the plant before it can compete with crop plants. 
The life cycle of weeds also can be confounded by killing the weed plant after it has 
emerged from the ground and has begun to support itself through photosynthesis. Several 
options have been developed for this strategy. A common procedure relies on timing and is 
based on allowing weed seeds to germinate and develop in the crop field in the spring. Tillage 
or cultivation is then carried out before the crop plants are planted, thus removing a majority of 
the season 's annual weeds (Ashton and Monaco, 1991). The advantage of this practice is that 
it results in a reduction of the number of weeds in the seedbank through germination losses 
(Hartzler, 1998). This can be followed by cultivation until the crop plants are large enough to 
shade out subsequent weed development. A similar method involves the use of a nonselective 
herbicide application to the crop field once the weeds have emerged, but before the crop is 
planted. This is commonly done the year before a crop field is established. Once the herbicide 
has taken effect and the weeds have died, the field is planted with a cover crop and maintained 
until the initial growing season. 
The application of selective herbicides may be used once the crop has emerged. The 
type of herbicide chosen will depend on the species of crop grown and whether it is a dicot or 
monocot. A post-emergence strategy would appear to be less advantageous than a 
preemergence strategy, since preemergence practices act to inhibit weed development before 
they can compete with crop plants for available resources. Other weed management techniques 
include the use of cover crops, living mulch, and naturally occurring chemical compounds that 
inhibit weed development, including the use of soilbome microorganisms (Jones and Hancock, 
1990). 
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Weed management in matted-row strawberry culture 
Profitable matted-row strawberry production requires that weed pressure be kept below 
economic threshold levels (Pritts and Kelly, 1997). The presence of weeds in production 
fields can reduce the quality of the strawberry fruit crop by competing with the strawberry 
plants for moisture, sunlight, nutrients, and growing space. Sufficient competition from 
weeds results in smaller strawberry plants and fruit and thus, reduces yield and profitability 
(Funt et al., 1997). The presence of weeds in fields where the public picks their own berries 
has been shown to negatively affect the customer picking experience and results in reduced 
return business (Fear et al. , 1986). 
Common strategies for managing weed populations in nonbearing and bearing, matted-
row strawberry production fields include the use of cultural weed management methods such 
as cultivation, mulching, and hand-weeding. These cultural techniques are usually carried out 
in conjunction with an herbicide application program. In addition to these conventional 
techniques, demand for alternative forms of weed management have led to the development of 
additional options that include using cover crops and the use of naturally occurring 
compounds. 
Weed management in nonbearing, matted-row strawberry plantings begins the year 
before planting. At that time, the site may be sprayed with a nonselective herbicide if infested 
with weeds. The application of a soil fumigant also may be used to reduce the number of soil-
borne pathogens, insects, and rodents (Ashton and Monaco, 1991). Many fumigants are not 
selective and will kill all flora and fauna in the soil, including beneficial organisms. The site 
also should be tilled to further reduce weed populations. A cover crop should be sown and 
managed until the field is ready to be planted. The following season, a preemergence herbicide 
should be applied within three to five days after strawberry planting (Fear et al., 1986). The 
herbicide application will inhibit weed growth for approximately two months, depending on the 
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product used. However, the field should be monitored and hand-weeded continuously 
throughout the season to control weeds that were not affected by the herbicide treatment. After 
two months, weed growth may resume and cultivation, with or without, another herbicide 
application may be necessary. It is advisable to use different herbicides throughout the season 
to avoid the development of herbicide resistance in weeds. 
In bearing plantings, mechanical cultivation can be used as a weed management tool to 
dislodge weed seedlings but this technique may be used only after the fruiting season ends. 
During the fruiting season, plastic mulch works well to control weed growth for some annual 
cropping systems, but due to the perennial nature of matted-row strawberry production, which 
involves annual renovation, plastic mulch is not a feasible approach to weed management. 
Straw mulch is used to cover the plants for overwintering. The following spring, the straw is 
removed and used as mulch for weed and disease management. Straw mulch improves soil 
quality and provides some weed control but has the potential, if unclean, to introduce weed 
seeds into production fields. 
The most effective weed management tool is hand-weeding, but it is the most expensive 
option due to labor costs (Ashton and Monaco, 1991 ). Most producers rely on a weed 
management strategy that incorporates all, or most, of the above techniques, but due to cost 
effectiveness, most weed management strategies are based on herbicide applications. The 
herbicide is applied at renovation for monocot and dicot weed control and again approximately 
two months later, if needed (Borderlon et al. , 1999). Care must be taken when choosing an 
herbicide. Some herbicides may inhibit runner formation or stunt strawberry plant growth. 
These types of herbicides should be used in rotation with less harmful herbicides at points 
during the growing season that will have the least negative affect on strawberry plot 
development (Fear et al. , 1986). 
Weed control strategies that are less reliant on synthetic herbicides, such as the use of 
cover crops, are becoming common subjects of scientific investigation. Cover crops are 
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planted in the inter-row spaces of strawberry production fields to keep the areas free of weeds. 
The width of this space may vary widely depending on the producer. In addition to weed 
inhibition, the use of a cover crop can benefit soil quality by reducing soil loss to wind and 
water erosion, lessen soil compaction, and increase soil aeration (Newenhouse and Dana, 
1989). Perennial ryegrass (Lolium perenne L.) is commonly used for a cover crop because it 
can be mowed several times during a season and has shown allelopathic effects on weed seeds 
(Smeda and Putnam, 1988). In many systems, the cover crop may be allowed to grow and 
develop into inter-row sod strips (Pritts and Kelly, 1993; Shanks and Chamberlain, 1993). 
Other practices rely on cultivation for early season weed control and make use of a 
cover crop to inhibit late-season weed growth. In such a system, cover crops are sown 
annually after renovation (Cloutier and Lamarre, 1997). In both approaches , the cover crop is 
allowed to grow throughout the season and may be mowed when needed to reduce sunlight 
interception (Smeda and Putnam, 1988). Some research with cover crops has shown that 
perennial ryegrass can be used as a cover crop without significantly reducing strawberry yield 
(Pritts and Kelly, 1993; Newenhouse and Dana, 1989). Other research has shown cover crops 
to have a detrimental effect on strawberry yield (Cloutier and Lamarre, 1997; Shanks and 
Chamberlain, 1993). 
Natural weed management in matted-row strawberry 
Due to the relatively low number of hectares in small fruit production compared to 
agronomic crops, few herbicides are registered for use with small fruit crops, including 
strawberry (Pritts and Kelly, 1993). The small size of this herbicide market, coupled with 
recent consumer trends, have made herbicide registration and development less enticing for 
herbicide manufacturers. New herbicides, or alternatives to herbicides, are needed to replace 
older ones and to deter the development of herbicide resistance in weed species. Herbicides 
have proven to be effective tools for managing weed populations, but increasing public 
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attention concerning pesticide use and safety have led researchers to investigate alternatives to 
synthetic chemical herbicides. The increasing number of organic crop producers has also 
created a demand for natural weed control products, indicating an expanding market for 
manufacturers of natural products. 
Corn gluten meal is a natural product that has shown herbicidal activity. Corn gluten 
meal inhibits root development on many types of plant seedlings, including several common 
agricultural "weed" species (Christians, 1991 ; Bingaman and Christians, 1995). Corn gluten 
meal inhibits root development by disrupting epidermal cell development on the developing 
roots (Unruh, 1997). However, once a seedling has developed a root system, application of 
CGM has no detrimental effect on root development (Christians, 1993). Corn gluten meal can 
therefore be used as a preemergence weed control product, but not as a postemergence product. 
Corn gluten meal is 10% nitrogen by weight and research has shown that it can serve as 
a source of N for strawberry plants (Nonnecke and Christians, 1993; Tedesco, 1995). Corn 
gluten meal acts as a slow release fertilizer because the nitrogen is present in the protein of 
CGM, therefore, the nitrogen cannot be released into the environment without microbial action, 
which is not immediate (Christians, 1993; Paul and Clark, 1996). Soluble fertilizer products, 
such as urea, are also subject to microbial breakdown, but in addition, may hydrolyze rapidly 
in warm, moist soils (Tisdale et al., 1993). 
Timing of application is important for the effectiveness of CGM. For turf grass areas, 
CGM should be applied approximately two weeks before the target weed population is 
expected to germinate. However, the timing of application may be dependent upon other 
factors when considering using CGM with field crops. For example, CGM can be 
incorporated directly into the soil when a field is being prepared for the planting of annual, 
transplant crops . In this case, the timing is based on planting date rather than weed 
germination date. Nevertheless, weed germination periods need to be considered when making 
CGM applications. Like all weed control products, CGM is only active in the soil for a finite 
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period of time (approximately five to six weeks). If it is applied too early, or after the target 
seeds have germinated and developed root systems, there will be no effect from the CGM 
(Christians, 1993). 
Soil moisture is also a critical factor that determines the effectiveness of CGM. Com 
gluten meal prevents the development of a normal root system, so dry conditions must exist 
during the seed germination period. The germinating seed will not have a root system capable 
of absorbing the needed moisture and it will die. If the soil is continually wet, the seedling will 
be able to survive without a well-developed root system until such time that the residual period 
of CGM has passed. At which time, the root system may develop normally (Christians, 
1993). 
Research has shown that weed inhibition is directly related to CGM application rate 
(Christians, 1991; Bingaman and Christians, 1995). However, as the rate of CGM and 
herbicidal effectiveness goes up, so does the rate of nitrogen. Excessive nitrogen application 
may have adverse effects on turf or crop growth, so a balance must be reached between 
acceptable weed control and adequate N levels. Corn gluten meal is effective at controlling 
weeds in established turf grass (Christians, 1993). This may be due to the combination of the 
herbicidal properties of CGM acting on weed seeds along with the ecological effects of 
competition. Healthy, thick turf grass with well established root systems have a distinct 
advantage over emerging seeds in competition for resources such as water, nutrients, and 
sunlight. 
The effectiveness of CGM at inhibiting weed growth in tilled, bare soil areas is 
inconclusive. Corn gluten meal used in matted-row strawberry fields was successful in some 
growing seasons at inhibiting weed growth (Nonnecke and Christians, 1993) and was not as 
successful in other years (Tedesco, 1995). Research in this area is ongoing at Iowa State 
University. 
A refined form of CGM known as corn gluten hydrolysate, that contains 10-14% N by 
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weight, has inhibited the development of several types of seeds in greenhouse studies (Liu et 
al., 1994; Liu and Christians, 1997). Com gluten hydrolysate is water soluble and can 
therefore be mixed into a solution with water and applied as a spray with the use of ordinary 
chemical pesticide spray equipment. 
Com gluten hydrolysate is produced through a process of treating water-insoluble 
CGM with acids or enzymes, manipulating pH, and collection and drying of the resultant 
filtrate (Christians, 1994). Further research led to the discovery of five hydrolyzed proteins 
that were responsible for the herbicidal activity of CGH. The five dipeptides isolated from 
CGH were; glutaminyl-glutarnine (Gln-Gln) , alaninyl-asparagine (Ala-Asn), alaninyl-
glutamine (Ala-Gln), glycinyl-alanine (Gly-Ala), and alaninyl-alanine (Ala-Ala). All showed 
greater weed seed root inhibition than CGM (Liu and Christians, 1994). A pentapeptide, Leu-
Ser-Pro-Ala-Gln, has also been isolated from CGH and has demonstrated greater root-
inhibiting activity than the five dipeptides previously mentioned (Liu and Christians, 1996). 
Nitrogen requirements for matted-row strawberry 
There are currently 17 elements that are considered to be essential for plant growth 
(Preece and Read, 1993). Of these, N is the fourth most common element found in plants, 
aside from carbon, oxygen, and hydrogen (Paul and Clark, 1996). Sources of N for plants 
include atmospheric, soil organic matter, plant-microbe symbiosis, manure, and synthetic 
fertilizers. Nitrogen is made available for plant uptake through the process of nitrification. 
Nitrification is a two-step process in which microbial organisms convert ammonia into nitrate 
and ammonium forms of N that plants can readily use. 
Plants vary by species and site-specific, environmental conditions as to the amount of 
N needed for optimal growth. Strawberry plants are shallow rooted, so several N applications 
should be made throughout the year instead of a one-time N application. Applying a large 
amount of Nin one application may result in leaching which reduces the amount of available N 
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for strawberry plants throughout the growing season and also may contribute to pollution of 
ground and surface water (Funt et al., 1997). 
Optimal matted-row strawberry production in Iowa may be obtained by applying N 
according to the following guidelines recommended by Fear et al. (1986) In an establishment 
year, Nat 56 kg·ha-1 should be applied at planting and subsequent applications should be made 
in May-June to encourage runner development (Nat 45-56 kg·ha-1) and in mid-August to 
encourage flower bud initiation (Nat 33.6 kg·ha-1). For sandy soils, a split application should 
be applied consisting of Nat 33.6 kg·ha-1, two to three weeks after transplanting followed by 
N at 33.6 kg·ha-1 three weeks later. 
In bearing years, spring application of N is usually avoided on heavy soils to avoid 
excessive vegetative growth that restricts air flow and creates an overly moist canopy that can 
lead to disease development (Funt et al., 1997). An N application in the spring may be used on 
light soils at a rate of N at 11-22 kg· ha-1• Calcium nitrate is recommended for this application 
to provide firmness to developing berries (Fear et al., 1986). Apply Nat 56 kg·ha-1 at 
renovation (approximately the first week of July). Sandy soils may require an additional 
application of Nat 28 kg·ha-1 in late July. If a large amount of straw mulch was tilled under 
during renovation, the July N application will need to be increased from Nat 56 to 84 kg·ha-1 
to account for N immobilization caused by the high carbon:N ratio. Another application of N at 
33.6 kg·ha-1 should be made in mid-August to enhance flower bud initiation. 
These recommendations should be altered based on specific field needs. Nitrogen 
levels in strawberry should be monitored through the use of leaf tissue sampling. Adequate N 
levels in strawberry are indicated by total leaf N levels near 2.00 % (Funt et al., 1997). 
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Strawberry response to N 
The effect of N rate on strawberry growth has been studied in the past with varying 
results. In some cases, strawberry yield and plant size increase with increasing rates of N 
(Albregts and Howard, 1986; Keefer et al., 1978). In other cases, strawberry yield and plant 
growth are unaffected by increasing rates of N (Blatt, 1981; Archbold and Mackown, 1988). 
In still other instances, strawberry fruit yield and plant growth are related to increasing rates of 
Nin some cultivars and show no effect in others (Breen and Martin, 1981). The inconsis-
tencies of the research are likely due to such variables as cultivar, soil type, and fertility 
(Archbold and Mackown, 1988). In reports where no N effect was observed, the amount of N 
available in the soil may have been adequate for strawberry plant growth and fruit production 
needs. This would confound the N rate as a variable in the experiment. Research has also 
shown that in cases where soil N was adequate, the increasing rates of N provided to the 
strawberry plants from the N treatments had no effect on yield (Blatt, 1981; Breen and Martin, 
1981 ). Other research has shown that high rates of N applied to strawberry fields may result in 
reduced yield (Nonnecke and Christians, 1993; Breen and Martin, 1981). 
Research has not addressed the efficacy of CGH as a preemergence weed control 
product in tilled, bare ground cropping systems such as matted-row strawberry culture. This 
experiment was conducted to observe the effects CGH on weed control, strawberry fruit yield, 
and strawberry plant growth. Corn gluten hydrolysate was applied at three rates of N to 
determine at what rate adequate weed control could be obtained. Corn gluten hydrolysate also 
was applied at different points during the growing season to determine optimum timing of 
application for adequate weed control. Strawberry fruit yield and growth data were collected to 
observe effects of CGH at different rates on the strawberry plant and to determine whether the 
N found in CGH can be used as a source of N for strawberry growth. 
12 
References 
Albregts, E.E. and C.M. Howard. 1986. Response of strawberries to soil and foliar fertilizer 
rates. HortScience 21:1140-1142. 
Archbold, D.D. And C.T. MacKown. 1988. Fate of fertilizer nitrogen in matted-row 
strawberry culture. Adv. Strawberry Prod. 7:32-35. 
Ashton, F.M. and T.J. Monaco. 1991. Weed science. 3rd ed. John Wiley and Sons, Inc., 
New York. 
Bingaman, B.R. and N.E. Christians. 1995. Greenhouse screening of com gluten meal as a 
natural control product for broadleaf and grass weeds. HortScience 30: 1256-1259. 
Blatt, C.R. 1981. Effect of nitrogen source, rate and time of application on fruit yields of the 
Micmac strawberry. Commun. Soil Sci. Plant Anal. 12:511-518. 
Borderlon, B., M. Ellis, and R. Weinzieri (eds.). 1999. Iowa commercial small fruit and grape 
spray guide. Iowa State Univ. Coop. Ext. Serv. PM-1375. 
Breen, P.J. and L.W. Martin. 1981. Vegetative and reproductive growth responses of three 
strawberry cultivars to nitrogen. J. Amer. Soc. Hort. Sci. 106:266-272. 
Childers, N.F., J.R. Justin, and G.S. Sibbett. 1995. Modem fruit science. 10th ed. 
Horticultural Publications, Gainesville, Fla. 
Christians, N.E. 1991. Preemergence weed control using com gluten meal. U.S. Patent No. 
5,030,268. 
Christians, N.E. 1993. The use of com gluten meal as a natural preemergence weed control in 
turf, p. 284-290. In: R.N. Carrow, N.E. Christians, and R.C. Shearman (eds.). 
International Turf grass Society Research Journal. Intertec Publishing Corp., Overland 
Park. 
Christians, N.E. 1994. Preemergence weed control using plant protein hydrolysate. U.S. 
Patent No. 5,290,749. 
13 
Cloutier, D.C. and M. Lamarre. 1997. Weed control and winter protection of strawberries in 
Quebec using interseeded crops. Proc. Third Int. Strawberry Syrop. Acta Hort. 
439:893-897. 
Fear, C., H.G. Taber, M. Gleason, and D. Lewis. 1986. Production guide for commercial 
strawberries. Iowa State Univ. Coop. Ext. Serv. PM-672d. 
Funt, R.C. , M.A. Ellis, and C. Welty (eds.). 1997. Midwest small fruit pest management 
handbook. The Ohio State Univ. Ext. Bul. 861. 
Galletta, G. J. and R.S. Bringhurst. 1990. Strawberry management, p. 83-152. In: G.J. 
Galletta and D.G. Himelrick (eds.). Small fruit crop management. Prentice-Hall, 
Englewood Cliffs , N.J. 
Hartzler, R.G. and D.D.Buhler. 1998. Weed seeds and the seedbank: implications for weed 
management. Iowa State Univ. Coop. Ext. Serv. IPM-48. 
Jones, R.W. and J.G. Hancock. 1990. Soilbome fungi for biological control of weeds, p. 
276-286. In: R.E. Hoagland (ed.). Microbes and microbial products as herbicides. 
American Chemical Society, Washington, D.C. 
Keefer, R.F. , C.E. Hickman, and R.E. Adams. 1978. The response of strawberry yields to 
soil fumigation and nitrogen fertilization. HortScience 13:51-52. 
Liu, D.L. and N.E. Christians. 1994. Isolation and identification of root-inhibiting compounds 
from com gluten hydrolysate. J. Plant Growth Regulat. 13:227-230. 
Liu, D.L. and N.E. Christians. 1996. Bioactivity of a pentapeptide isolated from com gluten 
hydrolysate on Lolium perenne L. J. Plant Growth Regulat. 15:13-17. 
Liu, D.L. and N.E. Christians. 1997. Inhibitory activity of com gluten hydrolysate on 
monocotyledonous and dicotyledonous species. HortScience 32:243-245. 
Liu, D.L. , N.E. Christians, and J.T. Garbutt. 1994. Herbicidal activity of a hydrolyzed com 
gluten meal on three grass species under controlled environments. J. Plant Growth 
Regulat. 13:221-226. 
14 
Newenhouse, A.C. and M.N. Dana. 1989. Grass living mulch for strawberries. J. Amer. Soc. 
Hort. Sci. 114:859-862. 
Nonnecke, G.R. and N.E. Christians. 1993. Evaluation of com gluten meal as a natural weed 
control product in strawberry. Acta Hortic. 348:315-320. 
Paul, E.A. , and F.E. Clark (eds.). 1996. Soil microbiology and biochemistry. 2nd ed. 
Academic Press, San Diego. 
Preece, J.E. and P.E. Read. 1993. The biology of horticulture. John Wiley & Sons, Inc. 
Pritts , M.P. and M.J. Kelly . 1997. Weed thresholds in strawberries. Proc. Third Int. 
Strawberry Symp. Acta Hort. 439:947-950. 
Pritts, M.P. and M.J. Kelly. 1993. Alternative weed management strategies for strawberries. 
Acta Hortic. 348:321-327. 
Shanks, C.H. and J.D. Chamberlain. 1993. Strawberry fruit yield and vegetative growth and 
pest populations in plantings with and without cover crops. HortScience 28: 1172-
1173. 
Smeda, R.J. and A.R. Putnam. 1988. Cover crop suppression of weeds and influence on 
strawberry yields. HortScience 23: 132-134. 
Tedesco, A.K. 1995. Yield, growth, and weed control in conventional and three alternative 
production systems for strawberry. MS Thesis. Iowa State Univ., Ames. 
Thomas, W.B. 1996. Methyl bromide: effective pest management and environmental threat. J. 
Nematol. 28:586-589. 
Tisdale, S.L., W.B. Nelson, J.D. Beaton, and J.L. Havlin. 1993. Soil fertility and fertilizers. 
5th ed. Macmillan, New York. 
Unruh, J.B., N.E. Christians, and H.T. Homer. 1997. Herbicidal effects of the dipeptide 
alaninyl-alanine on perennial ryegrass (Lolium perenne L.) seedlings. Crop Sci. 
37:208-212. 
15 
CHAPTER 2. EFFICACY OF CORN GLUTEN HYDROL YSA TE AS A WEED 
CONTROL PRODUCT AND NITROGEN SOURCE IN MATTED-ROW 
STRAWBERRY CULTURE 
A paper to be submitted to HortScience 
Craig A. Dilley, Gail R. Nonnecke, Nick E. Christians 
Abstract 
The number of herbicides available for use in strawberry (Fragaria Xananassa Duch.) 
and other small fruit crop production is limited and declining. Effective and economical 
alternatives to current weed management practices are needed. Com gluten hydrolysate (CGH) 
is a water soluble form of com gluten meal (CGM), a by-product of com wet-milling. Both 
materials have shown herbicidal properties and can serve as a source of nitrogen (N) for plants. 
This study was conducted to determine whether CGH can be used to control weeds as a 
preemergence herbicide and act as an N source in strawberry production. Com gluten 
hydrolysate, CGM, and urea, were applied at N rates of 0, 9.8, 19.5, and 29.3 g·m-2. 
Dimethyl tetrachlorobenzenedicarboxylate (DCPA) was applied at 9 kg·ha-1 to treatments with 
urea at 9.8, 19.5, and 29.3 g·m-2. DCPA was not applied to the 0 g·m-2 treatment. Rates of 
product were based on equivalent amounts of N for each treatment. During the 1996, 1997, 
and 1998 growing seasons, all treatments were applied twice to bearing 'Jewel' field plots: at 
renovation (first week of July) and during flower bud formation (second week of August). 
Dicot and monocot weed number and weed shoot dry weights were determined twice each 
growing season,= 30 dafter treatment applications in July and August. Strawberry fruit was 
harvested from late-May through early-July during the three growing seasons. Com gluten 
hydrolysate controlled weed populations with varying success over the course of the study. In 
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August, 1996 and 1998, application of CGH reduced dicot weed number by 119% and 143%, 
respectively, compared to the control. Dicot weed number was reduced in September by an 
average of 250% from 1995-1997, compared to control plots. Com gluten hydrolysate had no 
effect on monocot weed number. In CGH plots in August, 1996, as the treatment rate 
increased, percentage weed cover increased by 255%. In 1998, plots that received CGH at 
29.3 g·m-2 had a strawberry fruit yield that was 173% greater, and berry number that was 
112% greater, than the control. Leaf area decreased at lower rates, then increased as treatment 
rate increased in 1998 in plots treated with CGH. Strawberry root weight, crown weight and 
crown number were not affected by any treatments in any year. Under certain conditions, 
CGH controlled weeds effectively and increased strawberry yield and plant development. 
Introduction 
Few herbicides are available for use in small fruit crop production (Pritts and Kelly, 
1993 ). Demand is increasing for non-synthetically derived herbicides. Weed populations 
must be kept below economic threshold levels to ensure crop success (Pritts and Kelly, 1997). 
In order for strawberry growers to maintain current production and quality levels, alternative 
weed control strategies and products must be developed. Conventional matted-row fruit 
production relies on cultivation, mulching, and multiple herbicide sprays during the year to 
manage weed populations (Fear et al. , 1986). New weed control practices must meet the 
challenges of weed control efficacy, having nonphytotoxicity with crop plant, and being 
environmentally benign. The discovery of com gluten hydrolysate (CGH) as a natural weed 
control product and nitrogen source has provided the opportunity for the development of such 
an environmentally benign product. Corn gluten hydrolysate is a water soluble form of com 
gluten meal (COM), a by-product of corn wet-milling. The protein of CGH and CGM contain 
several peptides that have been shown to have herbicidal activity (Christians, 1991; Liu et al. , 
1994; Liu and Christians, 1994, 1996). Com gluten hydrolysate contains 10-14% nitrogen 
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(N) and CGM contains 10% N by weight which allows the material to be used both for weed 
control and as a fertilizer (Christians, 1993; Nonnecke and Christians, 1993). Corn gluten 
hydrolysate may be sprayed over matted-row strawberry with the use of ordinary herbicide 
spray equipment and has the potential to be used as an integral part of new weed management 
programs. The objectives of this study were to determine weed control efficacy of CGH in 
matted-row strawberry and to determine its effect on strawberry yield and plant growth. 
Materials and Methods 
In June 1995, field plots of 'Jewel ' Junebearing strawberry plants (Fragaria 
xananassa Duch.) were established at the Iowa State Univ. Horticulture Station, Ames, Iowa. 
Dormant strawberry crowns were planted in a Nicollet loam (fine-loamy, mixed mesic Aquic 
Hapludoll) soil. The plot was planted with ryegrass (Lolium multiflorum Lam.) the previous 
season which was tilled-under before strawberry plants were established in the spring. Plot 
size was 3 m long by 1 m wide. Five strawberry crowns were planted 61 cm apart into each 
plot (experimental unit) and allowed to develop into a matted-row. Rows were spaced 2 m 
apart, center to center. Straw was placed over the plots in November for overwintering. When 
growth resumed in the spring, the straw was repositioned to serve as mulch in and between 
rows. Treatments were maintained in the same plots for four years. 
The experiment consisted of 16 treatments that included three weed control products, a 
non-herbicide control, and four rates of application. Weed control treatments were: CGH, 
CGM, dimethyl tetrachlorobenzenedicarboxylate (DCP A) plus urea, and a control that received 
urea only. In order to determine optimal application rates of CGH for use as a weed control 
product and N source for strawberry, weed control treatments were applied at N rates of 0, 
9.8, 19.5, and 29.3 g·m-2. Rates of product were based on equivalent amounts of N for each 
treatment. DCPA was applied at the rate of 9 kg·ha-1 to all treatment plots except Nat 0 g·m-2, 
which received no DCP A or N. All weeds were removed from plots before treatment, thereby 
18 
creating weed-free, bare-soil conditions. The CGH and DCPA treatments were sprayed 
directly over the strawberry plants using a pressurized back-pack sprayer using a wand with 
two spray nozzles (no. 8006) at 30 psi. The CGH used in 1995 was a refined form that was 
14% N by weight; CGH used in 1996 to 1998 was less refined and was 10% N by weight. 
CGM and urea were incorporated into the soil to a depth of approximately 2.5-cm. During the 
1995 establishment season, all treatments were applied three times: at the time of transplanting 
(first week of June), during runner formation (second week of July), and during flower bud 
formation (second week of August). During the 1996, 1997, and 1998 growing seasons, 
treatment applications were made at renovation (first week of July) and in advance of flower 
bud formation (second week of August). Before treatments were applied, all weeds were 
removed from treatment plots by tillage and hand-weeding. 
Weed cover percentage, dicot and monocot weed number, and weed shoot dry weights 
were determined approximately 30 dafter treatment applications in July and August from 1995 
to 1998. Weed cover percentage was estimated visually and was based on the percentage of 
ground surface in the 3 x 1 m plot covered by weed growth versus the percentage of bare 
ground. Dicot and monocot weed number was determined by harvesting all weeds in three 
randomly placed quadrats that measured 0.25 m2 each. Weed shoots were cut from the roots, 
dried at 67 °C for 72 h, and weighed. After sample weed data were collected, all remaining 
weeds were removed from the plots. 
Strawberry fruit was harvested from late May through early July during the 1996-1998 
growing seasons. Fruit was picked manually, counted, and weighed. Strawberry leaf area 
and dry weight of ten randomly selected leaves from each plot were collected in early July 
before renovation. Leaf area was obtained by using an area meter (LI-3100; LI-COR Corp., 
Lincoln, Nebr.), and dry weights were obtained after oven drying at 67 °C for 72 h. Mother 
plants and runner plants were counted in each plot in October. One plant was collected 
randomly from each plot at that time to obtain crown number and dry weights of crowns, 
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leaves, and roots. Total N (TKN) was determined by Kjeldahl analysis (Bremner and 
Mulvaney, 1982) of leaf samples taken after fruit harvest, but before renovation in early July. 
The experimental design was a randomized complete-block with a factorial 
arrangement of sixteen treatments consisting of four weed control treatments, four rates of N, 
and four replications. Year-by-treatment interactions occurred and analysis of variance was 
computed for individual years. Data were analyzed with the General Linear Model for linear 
and multiple regression procedures by using the Statistical Analysis System (SAS Institute, 
1988). 
Results 
Dicot weed number declined as the application rate increased in CGH treatment plots in 
August, 1998 (Table 1) and in September, 1995, 1996, and 1997 (Table 2). Dicot weed 
number also declined as application rate increased in treatment plots of; CGM in September of 
1996 and 1997; urea in August, 1998 and September, 1996; and DCPA +urea in August, 
1995, 1996, and 1997, and September, 1996 and 1997. In some cases, dicot weed number 
increased at low rates of treatment application and then declined at higher rates of application. 
This occurred in CGH treatment plots in August, 1996 and 1997; in CGM treatment plots in 
September, 1998; in urea treatment plots treated in September, 1997; and in DCPA +urea 
treatment plots in August, 1998. Dicot biomass increased at low treatment application rates and 
then decreased at higher treatment application rates of CGH in plots harvested in August, 1997 
and 1998 (Table 3), in September, 1997 (Table 4); and in DCPA +urea treatment plots in 
August, 1998 (Table 3). In August, 1997, average dicot dry weight was not affected by any 
treatments (Appendix Table 1). In August, 1998, dicot average dry weight increased as CGH, 
CGM, or urea treatment rates increased. The predominant dicot weed species was purslane 
(Portulaca oleraceae L.), which accounted for 84, 80, 92, and 70% of all dicot weeds in each 
of the years of the study, respectively (Appendix Table 2). Other common dicot weeds were: 
dandelion (Taraxacum officinale Weber), Canada thistle (Cirsium arvense (L.) Scop.), and 
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white clover (Trifolium repens L.) 
Corn gluten meal had no effect on the number of dicot weeds per plot in August (Table 
1). However, CGM reduced dicot weed number as treatment rate increased, in September 
1996, 1997, and 1998 (Table 2). The DCPA +urea treatment reduced dicot weeds in August 
(all years) and in September, 1996. 
Monocot weed number declined as treatment application rate increased in CGM 
treatment plots in September, 1997 (Table 5) and in DCP A + urea treatment plots in August 
1995, 1996, and 1998 (Table 6), and in September, 1998 (Table 5). Monocot weed number 
initially increased at low treatment application rates, then decreased at higher application rates in 
plots treated with urea or DCPA +urea in August, 1996 (Table 6). Similarly, monocot 
biomass increased at low treatment application rates, then decreased at higher application rates 
in CGH treatment plots in September, 1997 (Table 7) and in urea treatment plots in August, 
1998 (Table 8). 
The percentage of weeds covering treatment plots increased as the treatment application 
rate increased in CGH treatment plots in August, 1996 (Table 9) and in September, 1997 
(Table 10); in CGM treatment plots in August, 1996 and 1997; and in urea treatment plots in 
August, 1997. Weed cover percentage decreased in September, 1997 and 1998, as CGM 
application rate increased. The same was true for urea in September, 1997, and DCP A + urea 
in September, 1996 and 1998. Weed cover percentage increased initially and then decreased at 
higher application rates in August, 1997, and in September, 1996, in plots treated with CGH. 
The same effect occurred in CGM treatment plots in August, 1998, and September, 1996, as 
well. In August, 1998, and September, 1997, plots treated with DCPA +urea had an initially 
high percentage weed cover that declined, then increased a small amount, then decreased, as 
application rates increased. 
Strawberry fruit yield increased as rate of application increased in 1998 in plots treated 
with CGH (Table 11). Strawberry fruit yield decreased as rate of application increased in 1996 
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in plots treated with CGM. In 1996, fruit yield increased in plots treated with DCP A + urea as 
application rate increased until given the highest rate, when yield sharply declined. Also in 
1996, average number of strawberries per plot increased initially as rate of application 
increased then declined at the highest treatment application of CGM (Table 12). Plots treated 
with CGH showed an initial decrease in berry number as treatment application rate increased 
then berry number increased at the highest application rate in 1996. In 1998, CGH treatment 
plots had an increasing number of berries as rate of application increased. Average berry 
weight was not affected by treatments except in 1995, when DCPA +urea treatment plots 
showed an initial decrease in size at low treatment rates, then berry size increased at higher 
treatment rates (Table 13). 
Total leaf nitrogen (TKN) increased by 32% in urea plots as treatment rate increased 
from control to Nat 29.3 g·m-2 in 1996 (Table 14). In 1997, CGM and DCPA +urea 
treatment plots also showed increased leaf TKN. Leaf area increased as treatment application 
increased in 1996, in plots treated with DCPA + urea (Table 15). Leaf area decreased at lower 
rates, then increased as treatment rate increased in 1998 in plots treated with CGH. Strawberry 
root weight (Table 16), crown weight (Table 17) and crown number (Table 18) were not 
affected by any treatments in any year. 
Discussion 
Com gluten hydrolysate reduced dicot weed number in most years. Weed control 
properties of CGH may be more effective at higher rates, resulting in a lower number of dicot 
weeds at those rates. The improved weed control of CGH at greater rates of N is consistent 
with previous research that has been conducted in strawberry and turf grass with CGM and in 
bioassys with CGH on weed seeds (Bingaman and Christians, 1995; Liu and Christians, 1997; 
Liu et al., 1994 ). 
In other years, August of 1996 and 1997 in particular, the number of dicot weeds per 
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plot increased after receiving the lowest rate of CGH (N at 9 .8 g·m-2). Dicot weed number 
either continued to rise (e.g. , 1997) or began to decline (e.g. , 1996) at the medium rate of 
CGH (Nat 19.5 g·m-2). Dicot weed number reached its lowest point at the largest rate of 
CGH (Nat 29.3 g·m-2). This effect may be due to a biological response in which weed 
seedling development is enhanced initially by the presence of N. At a low rate the herbicidal 
activity of CGH may not be effective, at least in bare-ground, field conditions of a matted-row 
strawberry planting. The N present in the CGH may be used by weed seedlings for growth. 
Optimal conditions for seed germination and seedling development may continue to exist as the 
rate of CGH increases up to a critical point where the herbicidal activity of CGH has an 
inhibitory effect on germinating seeds. It is also likely that the critical point at which weed seed 
germination begins to decline, represented by CGH rate, is due to the increased level of N that 
is present. The presence of N beyond a plants optimal requirements may induce damage to the 
plant from N toxicity. The same response to increasing application rate of CGH resulted when 
dicot dry weight was examined. Dicot dry weight increased at the two lowest treatment rates 
and then declined at the highest rate (except in September, 1998). This may reflect a biological 
response to N. Also, the improved efficacy of CGH at high rates of N could prove to be 
problematic when used with crops that have low N requirements. 
The urea treatment reduced dicot weed number in August, 1998, and in September, 
1996 and 1997. In 1996 and 1998, dicot weed number was reduced as the rate of urea 
increased. In 1997, di cot weed number initially increased at low rates of urea, then weed 
number declined at the high treatment rate. This may be another example of a biological 
response of plants to N. Monocot weed number in August showed little effect by any 
treatment except DCPA +urea which reduced weed number increasingly as treatment rate 
increased. There were few monocot weeds present in any of the treatment plots in September 
and treatment effects were negligible. 
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The effect of CGH and other treatments on percentage of weed coverage (both dicot 
and monocot combined) per plot shows a possible response difference between August and 
September. In August, affected plots typically showed an increase in percentage of weed 
coverage as treatment rate increased. However, in September, affected plots showed a 
decrease of percentage weed coverage as treatment rate increased. This may indicate that the 
herbicidal properties of CGH had more of an effect in August than in July when the CGH was 
applied. It is possible that drier weather conditions of August may have improved CGH 
efficacy. 
The variability in percentage weed coverage also may be due to weed population 
transitions that occur over the season. Several weed species were present in the plots and each 
has a unique set of environmental requirements and life-cycle. Weeds harvested in August 
tended to be larger and more numerous than weeds harvested in September. More weeds 
species germinate in early and mid-summer than in late summer and growing conditions are 
usually better in July than in August due to increased rainfall. The increased soil moisture may 
have decreased the effectiveness of CGH in July. In August, when fewer weed species are 
germinating, the weed control products may have been more effective on the smaller population 
of germinating weed seeds. 
Com gluten hydrolysate is a water-soluble product, and as such, during periods of 
moderate to heavy rainfall, the product may rapidly degrade and lose its weed-control benefits. 
It is possible that some weed suppression may have been lost when extended rainfall events 
followed application of CGH. However, rainfall in July - September was below normal or 
was close to normal for most of the years of the study (Appendix Table 3). Therefore, other 
factors, such as rate of microbial breakdown, may play a more important role in the persistence 
of CGH in the soil. 
Strawberry fruit yield increased as CGH treatment rate increased in 1998, but had no 
effect on yield in 1996 or 1997. Strawberry root weight, crown weight and crown number 
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were not affected by any treatments in any year. Previous research has shown that variable 
results such as these are to be expected due to soil and fertility differences (Archbold and 
Mackown, 1988). Yearly climatic changes also may play a role in such differences. In cases 
where soil N is adequate to support plant growth without the addition of fertilizer, the 
application of fertilizer had no effect on yield (Blatt, 1981). Percent organic matter was 3.3 in 
the plots before the experiment began and straw mulch was cultivated into the soil every year 
from 1996-1998. These circumstances may have led to adequate soil N levels. It is not known 
whether the increase in yield in 1998 was due to an N response, but the other years showed no 
reduced yield when using CGH as an N source. 
Conclusions 
Corn gluten hydrolysate exhibited potential as a natural weed control product and N 
source for matted-row strawberry. Corn gluten hydrolysate reduced dicot weed number, but 
did not effect the number of monocot weeds. Weed control of dicots increased as rate of CGH 
increased. Or, following an initial decrease, weed control increased at higher rates of CGH in 
most cases. Strawberry yield and leaf area were increased, or not affected, as rate of CGH 
increased. This indicates that CGH may be used as a source of N for matted-row strawberry. 
Our results indicate that weed control efficacy of corn gluten hydrolysate was too 
inconsistent from season to season to be considered for conventional matted-row strawberry 
production. However, the experiment demonstrated that some weed control can be achieved 
using CGH. Corn gluten hydrolysate may be of use to organic growers who rely primarily on 
hand-weeding. Organic growers could use CGH as a natural source of N and as a 
preemergence weed control product that would reduce time spent weeding. Further research 
should seek to improve the residual period of CGH in the soil. 
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Table 1. Number of dicot weeds (per plot) in 'Jewel' matted-row strawberry, August 1996-
1998. Treatments included three weed control products (CGH, CGM, or DCPA) and 
four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1995 Number of dicot weeds/plot Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source ofN 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr> IT I Pr> I T l R2 
CGH 35 21 21 24 25 ns 0.51 ns ns 0.52 
CGM 16 20 6 5 12 ns 0.65 ns ns 0.70 
Urea 25 17 18 22 21 ns 0.05 ns ns 0.96 
DCPA+urea 21 2 0 3 6 * 0.55 ns * 0.97 
Mean 24 15 11 14 ** 0.79 *** ns 0.89 
1996 
CGH 35 44 40 16 33 * 0.41 * * 0.99 
CGM 29 41 28 24 30 ns 0.25 ns ns 0.63 
Urea 24 39 31 38 33 ns 0.41 ns ns 0.52 
DCPA+urea 28 4 4 3 10 * 0.62 * ns 0.94 
Mean 29 32 26 20 * 0.69 ns ns 0.92 
1997 
CGH 137 193 197 129 164 ns 0.01 ns * 1.00 
CGM 100 121 103 103 107 ns 0.01 ns ns 0.40 
Urea 131 214 115 110 142 ns 0.19 ns ns 0.47 
DCPA+urea 100 13 13 4 32 * 0.68 * ns 0.92 
Mean 117 135 107 86 ns 0.58 ns ns 0.88 
1998 
CGH 214 194 139 88 158 *** 0.97 *** ns 0.99 
CGM 141 86 97 68 98 ns 0.75 ns ns 0.81 
Urea 225 135 91 49 125 *** 0.96 *** ns 0.99 
DCPA+urea 228 53 36 17 83 *** 0.74 *** ** 0.95 
Mean 202 117 91 55 *** 0.93 *** ns 0.98 
z Plot size was 3 m2, random sample area was .75 m2. 
Y Means of four replications. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01 , 0.001 , or not significant, respectively. 
28 
Table 2. Number of dicot weeds in 'Jewel' matted-row strawberry plots in September, 
1995-1998. Treatments included three weed control products (CGH, CGM, or 
DCPA) and four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1995 Number of dicot weeds/plot Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of N 0 9.8 19.5 29.3 Mean Pr> I T I r2 Pr> I T I Pr>IT I R2 
CGHX 79 72 19 23 48 *** 0.81 ** ns 0.82 
CGM 44 40 28 11 31 ns 0.94 ns ns 1.00 
Urea 48 65 48 20 45 ns 0.05 ns ns 0.97 
DCPA +urea 37 25 34 8 26 ns 0.60 ns ns 0.69 
Mean 52 50 32 16 *** 0.92 *** ns 0.98 
1996 
CGH 26 29 10 7 18 *** 0.78 *** ns 0.81 
CGM 22 27 18 10 19 * 0.68 * ns 0.91 
Urea 21 25 13 6 16 ** 0.75 ** ns 0.91 
DCPA+urea 22 6 3 4 9 ** 0.71 ** ns 0.98 
Mean 23 22 11 6 *** 0.92 *** ns 0.93 
1997 
CGH 120 79 80 35 78 *** 0.89 *** ns 0.89 
CGM 108 80 66 37 73 *** 0.98 *** ns 0.98 
Urea 80 122 63 23 72 *** 0.53 *** ** 0.86 
DCPA+urea 63 46 45 19 43 * 0.90 * ns 0.92 
Mean 93 82 63 28 *** 0.94 *** ns 1.00 
1998 
CGH 36 37 23 12 27 ns 0.89 ns ns 0.97 
CGM 38 38 14 11 25 ns 0.84 ns ns 0.85 
Urea 35 31 11 2 20 ns 0.94 ns ns 0.95 
DCPA +urea 28 13 9 3 13 ns 0.92 ns ns 0.98 
Mean 34 30 14 7 * 0.61 * ns 0.72 
z Plot size was 3 m2, random sample area was .75 m2. 
Y Means of four replications. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001, or not significant, respectively. 
29 
Table 3. Dry weight of dicot weeds harvested from 'Jewel' matted-row strawberry plots 
in August, 1997 & 1998. Treatments included three weed control products 
(CGH, CGM, or DCPA) and four rates of N from three sources (CGH, CGM, 
or urea). z Y x w v 
1997 N rate g·m-2 Linear model Quadratic model 
Linear Linear Quadratic 
Source of N 0 9.8 19.5 29.3 Mean Pr> ITI r2 Pr>ITI Pr> I Tl R2 
CGH 9.7 28.0 36.5 12.0 21.6 ns 0.02 ns *** 0.94 
CGM 11.3 13.3 22.7 21.1 17. l ns 0.79 ns ns 0.83 
Urea 7.9 11.3 17.0 13.0 12.3 ns 0.51 ns ns 0.83 
DCPA+urea 13.4 0.8 5.3 0.8 5.1 ns 0.53 ns ns 0.53 
Mean 10.6 13.4 20.4 11.7 ns 0.09 ns * 0.66 
1998 
CGH 70.7 96.5 119.5 91.9 94.7 ns 0.31 ns * 0.90 
CGM 58.7 77.4 102.8 81.4 80.l ns 0.44 ns ns 0.85 
Urea 73.0 77.9 76.9 76.6 76.1 ns 0.34 ns ns 0.84 
DCPA+urea 77.2 7.2 13.7 5.9 26.0 *** 0.61 ** * 0.88 
Mean 69.9 64.8 78.2 63.9 ns 0.01 ns ns 0.17 
z Plot size was 3 m2, random sample area was .75 m2. 
Y Means of four replications. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1 . DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P :s 0.05 , 0.01, 0.00 1, or not significant, respectively. 
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Table 4. Dry weight of dicot weeds harvested from 'Jewel' matted-row strawberry plots in 
September, 1997 & 1998. Treatments included three weed control products (CGH, 
CGM, or DCPA) and four rates of N from three sources (CGH, CGM, or urea).z Y x w 
1997 Dry wt. of dicot weeds/plot (g) Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of N 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr> I T l Pr>IT I R2 
CGH 3.2 4.5 5.7 1.9 3.8 ns 0.05 ns * 0.85 
CGM 3.6 2.3 5.7 0.6 2.4 ns 0.61 ns ns 0.69 
Urea 2.2 1.4 1.9 0.4 1.5 ns 0.64 ns ns 0.69 
DCPA + urea 4.4 0.4 1.3 0.1 1.5 * 0.61 * ns 0.79 
Mean 3.4 2.1 3.0 0.8 ** 0.59 ** ns 0.65 
1998 
CGH 9.1 10.3 4.7 4.6 7.2 ns 0.70 ns ns 0.71 
CGM 11.2 5.0 11.8 1.7 7.4 ns 0.33 ns ns 0.38 
Urea 6.1 1.2 6.2 0.1 3.4 ns 0.28 ns ns 0.30 
DCPA+urea 17.9 1.1 14.3 0.1 8.3 ns 0.33 ns ns 0.33 
Mean 11.1 4.4 9.2 1.6 * 0.49 * ns 0.49 
z Plot size was 3 m2, random sample area was .75 m2. 
y Means of four replications. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001 , or not significant, respectively. 
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Table 5. Number of monocot weeds in 'Jewel ' matted-row strawberry plots in September, 
1995-1998. Treatments included three weed control products (CGH, CGM, or 
DCPA) and four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1995 Number of weeds/plot Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source ofN 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr> IT I Pr >ITI R2 
CGH 0 1 0 ns 0.63 ns ns 1.00 
CGM 0 0 0 0 ns 0.35 ns ns 0.78 
Urea 0 1 ns 0.14 ns ns 0.44 
DCPA+ urea 0 0 0 0 0 ns 0. 50 ns ns 1.00 
Mean 0 0 0 ns O.Ql ns ns 0.84 
1996 
CGH 12 12 12 10 11 ns 0.58 ns ns 0.99 
CGM 10 12 6 6 8 * 0.64 * ns 0.66 
Urea 7 11 6 8 8 ns 0.01 ns ns 0.11 
DCPA+ urea 10 3 5 3 5 ns 0.48 ns ns 0.70 
Mean 9 9 7 7 * 0.86 * ns 0.86 
1997 
CGH 2 3 4 2 ns 0.15 ns ns 0.89 
CGM 4 3 3 2 3 ns 0.72 ns ns 0.72 
Urea 3 3 2 3 2 ns 0.13 ns ns 0.50 
DCPA+urea 2 2 2 ns 0.91 ns ns 0.98 
Mean 3 3 2 2 ns 0.74 ns ns 0.95 
1998 
CGH 15 19 9 12 14 ns 0.37 ns ns 0.37 
CGM 9 7 5 11 8 ns 0.01 ns ns 0.90 
Urea 13 8 3 6 ns 0.97 ns ns 1.00 
DCPA+urea 15 18 3 1 9 * 0.74 * ns 0.76 
Mean 13 13 5 6 * 0.74 * ns 0.75 
z Plot size was 3 m2, random sample area was .75 m2. 
y Means of four replications. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01 , 0.001, or not significant, respectively. 
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Table 6. Number of monocot weeds in 'Jewel ' matted-row strawberry plots in August, 
1995-1998. Treatments included three weed control products (COH, COM, or 
DCPA) and four rates of N from three sources (COH, COM, or urea). z Y x w 
1995 Number of weeds/plot Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of N 0 9 .8 19.5 29.3 Mean Pr> IT I r2 Pr> IT I Pr> I T l R2 
CGH 23 20 23 17 20 ns 0.54 ns ns 0.80 
CGM 21 23 17 14 19 ns 0.75 ns ns 0.89 
Urea 19 15 8 17 15 ns 0.11 ns ns 0.76 
DCPA+urea 17 0 5 *** 0.61 ** * 0.95 
Mean 20 14 12 12 *** 0.85 *** ns 1.00 
1996 
CGH 14 19 15 15 16 ns 0.01 ns ns 0.51 
CGM 31 19 22 21 23 ns 0.44 ns ns 0.77 
Urea 7 20 14 13 13 ns 0.06 ns * 0.62 
DCPA + urea 19 2 6 *** 0.64 *** ** 0.90 
Mean 18 15 13 12 * 0.95 * ns 1.00 
1997 
CGH 14 14 13 7 12 ns 0.65 ns ns 0.98 
CGM 17 15 11 10 13 ns 0.89 ns ns 0.90 
Urea 18 6 11 6 10 ns 0.50 ns ns 0.63 
DCPA+urea 9 2 3 ns 0.75 ns ns 0.98 
Mean 14 10 9 6 ** 0.92 ** ns 0.94 
1998 
CGH 19 18 16 11 16 ns 0.91 ns ns 1.00 
CGM 14 23 20 14 18 ns 0.01 ns ns 0.96 
Urea 17 22 22 11 18 ns 0.19 ns ns 0.97 
DCPA+urea 18 20 5 3 12 ** 0.79 ** ns 0.80 
Mean 17 21 16 10 ** 0.58 ** * 0.96 
z Plot size was 3 m2, random sample area was .75 m2. 
Y Means of four replications. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001 , or not significant, respectively. 
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Table 7. Dry weight of monocot weeds harvested from 'Jewel ' matted-row strawberry 
plots in September, 1997 & 1998. Treatments included three weed control 
products (CGH, CGM, or DCPA) and four rates of N from three sources (CGH, 
CGM, or urea). z y x w 
1997 Dry wt. of weeds/plot (g) Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source ofN 0 9.8 19.5 29.3 Mean Pr> I T I r2 Pr> ITI Pr> ITI R2 
CGH 0.3 0.8 1.2 0.2 0.6 ns 0.01 ns ** 0.92 
CGM 0.5 0.2 0.1 0.2 0.3 ns 0.54 ns ns 1.00 
Urea 0.2 0.7 0.1 0.5 0.4 ns 0.02 ns ns 0.03 
DCPA+urea 0.5 0.1 0.3 0.02 0.2 ns 0.50 ns ns 0.55 
Mean 0.4 0.5 0.4 0.2 ns 0.48 ns ns 0.98 
1998 
CGH 0.7 0.4 0.5 1.5 0.8 ns 0.41 ns * 0.96 
CGM 0.3 0.5 0.4 0.1 0.3 ns 0.50 ns ns 1.00 
Urea 0.2 0.1 0.2 0.2 0.2 ns 0.20 ns ns 0.50 
DCPA+urea 0.4 0.7 0.5 0.04 0.4 ns 0.44 ns ns 0.67 
Mean 0.4 0.4 0.4 0.5 ns 0.20 ns ns 0.40 
z Plot size was 3 m2, random sample area was .75 m2. 
Y Means of four replications. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001, or not significant, respectively. 
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Table 8. Dry weight of monocot weeds harvested from 'Jewel' matted-row strawberry 
plots in August, 1997 & 1998. Treatments included three weed control 
products (CGH, CGM, or DCPA) and four rates of N from three sources 
(CGH, CGM, or urea).z y x w 
1997 Dry wt. of weeds/plot (g) Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source ofN 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr> ITI Pr> ITI R2 
CGH 3.7 5.4 4.5 0.9 3.6 ns 0.39 ns ns 1.00 
CGM 2.6 6.4 6.4 7.3 5.7 ns 0.75 ns ns 0.94 
Urea 1.4 3.8 2.3 1.4 2.2 ns 0.03 ns ns 0.72 
DCPA+urea 2.1 0.1 1.4 0.1 0.9 ns 0.37 ns ns 0.41 
Mean 2.4 3.9 3.7 2.4 ns 0.01 ns ns 1.00 
1998 
CGH 4.0 3.0 3.8 6.1 4.2 ns 0.48 ns ns 1.00 
CGM 3.3 7.0 8.2 8.8 6.8 * 0.86 * ns 0.99 
Urea 2.0 9.2 9.3 1.8 5.6 ns 0.01 ns *** 1.00 
DCPA+urea 3.4 2.4 0.3 0.4 1.6 ns 0.88 ns ns 0.92 
Mean 3.2 5.4 5.4 4 .3 ns 0.16 ns ns 0.98 
z Plot size was 3 m2, random sample area was .75 m2. 
Y Means of four replications. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P :s; 0.05, 0.01, 0.001, or not significant, respectively. 
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Table 9. Percentage weed coverage (dicot and monocot) in 'Jewel' matted-row strawberry 
plots in August, 1995-1998. Treatments included three weed control products 
(COH, COM, or DCPA) and four rates of N from three sources (COH, COM, or 
urea). z Y x w 
1995 Percent weed cover/plot Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source ofN 0 9.8 19.5 29.3 Mean Pr>ITI r2 Pr> ITI Pr> I Tl R2 
CGH 36.0 22.3 43.5 31.8 33.4 ns 0.02 ns ns 0.02 
CGM 42.0 29.8 28 .3 38.0 34.5 ns 0.07 ns ns 1.00 
Urea 34.8 35.5 27.8 41.8 34.9 ns 0.09 ns ns 0.54 
DCPA+urea 29.5 19.0 20.8 27.3 24.1 ns 0.02 ns ns 0.96 
Mean 35.6 26.6 30.l 34.7 ns 0.01 ns ns 0.88 
1996 
CGH 5.5 18.3 18.5 19.5 15.6 ** 0.67 ** ns 0.93 
CGM 9.0 12.5 11.8 21.0 13.6 * 0.77 * ns 0.87 
Urea 8.8 11.8 11.8 11.5 10.9 ns 0.53 ns ns 0.94 
DCPA+urea 11.5 5.3 2.3 3.8 5.8 ns 0.72 ns ns 1.00 
Mean 8.7 11.9 11.2 13.9 * 0.80 * ns 0.80 
1997 
CGH 10.3 28.5 26.3 22.0 21.8 ns 0.27 ns * 0.91 
CGM 14.3 14.0 21.5 33.0 20.7 ** 0.85 ** ns 1.00 
Urea 7.8 17.0 27.3 22.0 18.5 * 0.68 * ns 0.93 
DCPA +urea 12.8 2.5 8.0 2.5 6.4 ns 0.43 ns ns 0.51 
Mean 11.3 15.5 20.8 19.9 ** 0.84 ** ns 0.96 
1998 
CGH 91.5 96.8 97.3 94.3 94.9 ns 0.18 ns ns 1.00 
CGM 83.5 95.8 95.5 93.0 91.9 ns 0.40 ns * 0.95 
Urea 86.3 95.0 89.8 84.8 88.9 ns 0.08 ns * 0.84 
DCPA+urea 92.8 6.8 9.5 5.0 28.5 *** 0.62 *** *** 0.92 
Mean 88.5 73 .6 73.0 69.3 *** 0.78 *** ** 0.93 
z Plot size was 3 m2, area measured was 3 m2. 
Y Means of four replications. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001 , or not significant, respectively. 
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Table 10. Percentage weed coverage (dicot and monocot) in 'Jewel ' matted-row strawberry 
plots in September, 1995-1998. Treatments included three weed control products 
(CGH, CGM, or DCPA) and four rates of N from three sources (CGH, CGM, or 
urea). zyxw 
1995 Percent weed cover/plot (g) Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of N 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr> I T I Pr> I T I R2 
CGH 1.0 1.0 1.0 1.0 1.0 n/a n/a n/a n/a n/a 
CGM 1.0 1.0 1.0 1.0 1.0 n/a n/a n/a n/a n/a 
Urea 1.0 1.0 1.0 1.0 1.0 n/a n/a n/a n/a n/a 
DCPA+urea 1.0 1.0 1.0 1.0 1.0 n/a n/a n/a n/a n/a 
Mean 1.0 1.0 1.0 1.0 n/a n/a n/a n/a n/a 
1996 
CGH 24.3 25.5 24.3 11.8 21.4 ** 0.60 ** * 0.97 
CGM 13.3 21.3 19.0 12.5 16.5 ns 0.02 ns * 0.97 
Urea 12.3 14.0 17.8 10.5 13.6 ns 0.01 ns ns 0.71 
DCPA +urea 10.0 2.5 1.8 1.0 3.8 * 0.74 * ns 0.96 
Mean 14.9 15.8 15.7 8.9 ns 0.50 ** * 0.95 
1997 
CGH 11.8 18.8 18.3 21.3 17.5 ** 0.80 ** ns 0.88 
CGM 11.3 10.8 5.8 4.0 7.9 ** 0.91 ** ns 0.01 
Urea 10.8 6.3 5.5 5.3 6.9 * 0.75 * ns 0.97 
DCPA+urea 16.5 2.0 2.3 2.0 5.7 *** 0.60 *** *** 0.33 
Mean 12.6 9.4 7.9 8.1 *** 0.80 *** ns 1.00 
1998 
CGH 9.0 11.5 4.3 8.0 8.2 ns 0.19 ns ns 0.21 
CGM 12.8 7.8 8.5 2.8 7.9 * 0.85 * ns 0.85 
Urea 7.5 5.0 6.8 3.3 5.6 ns 0.56 ns ns 0.58 
DCPA +urea 12.3 5.5 8.8 1.0 6.9 * 0.68 * ns 0.68 
Mean 10.4 7.4 7.1 3.8 *** 0.93 * ns 0.93 
z Plot size was 3 m2, area measured was 3 m2. 
Y Means of four replications; n/a = data not available. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA = dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1 . DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01 , 0.001 , or not significant, respectively. 
37 
Table 11. Strawberry fruit yield (per plot) of 'Jewel ' matted-row strawberry, 1996-1998. 
Treatments included three weed control products (CGH, CGM, or DCPA) and 
four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1996 Fruit yield/plot (g) Linear model Quadratic model 
N rate (g·m-2) linear quadratic 
Source ofN 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr> IT I R2 
CGH 888 .7 784.8 670.7 947.6 822.9 ns 0.01 ns 0.82 
CGM 1019.4 1074.4 938.2 555.7 896.9 * 0.71 ns 1.00 
Urea 660.7 914.7 941.7 797.4 828.6 ns 0.19 ns 1.00 
DCPA+urea 800.1 1001.5 1072.8 557.4 857.9 ns 0.13 ** 0.93 
Mean 842.2 943 .8 905.8 714.5 ns 0.29 * 1.00 
1997 
CGH 390.9 680.9 473.0 669.6 553.6 ns 0.32 ns 0.35 
CGM 725.9 463.1 374.5 480.4 511.0 ns 0.58 ns 0.81 
Urea 361.8 492.6 524.9 543.1 480.6 ns 0.82 ns 0.98 
DCPA+urea 577.3 751.9 607.9 669.6 616.8 ns 0.15 ns 0.73 
Mean 514.0 597.1 495.1 555.8 ns 0.01 ns 0.02 
1998 
CGH 964.3 1216.7 1075.7 2634.1 1472.7 * 0.65 ns 0.88 
CGM 1731.6 1688.6 2140.7 1443.7 2037 .0 ns 0.78 ns 1.00 
Urea 722.3 1311.4 1862.2 1554.9 1362.7 ns 0.62 ns 0.94 
DCPA+urea 1588.1 2266.2 2207.3 1433.7 1876.3 ns 0.02 ns 1.00 
Mean 1251.6 1620.7 1821.5 2055.0 
z Plot size was 3 m2. 
Y Means of four replications. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001 , or not significant, respectively. 
38 
Table 12. Strawberry fruit number (per plot) of' Jewel' matted-row strawberry, 1996-1998. 
Treatments included three weed control products (CGH, CGM, or DCPA) and 
four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1996 Fruit number/plot Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of 0 9.8 19.5 29.3 ~ean Pr> IT I r2 Pr> IT I Pr> ITI R2 
CGH 101 90 77 106 94 ns 0.01 ns * 0.79 
CGM 117 121 91 62 98 ** 0.85 ** * 0.97 
Urea 71 104 96 76 87 ns 0.01 ns ns 0.94 
DCPA+urea 85 109 108 59 90 ns 0.18 ns ns 0.97 
Mean 93 106 93 76 * 0.46 * ns 0.95 
1997 
CGH 61 100 76 103 85 ns 0.43 ns ns 0.46 
CGM 104 76 59 72 78 ns 0.61 ns ns 0.98 
Urea 58 76 84 71 72 ns 0.33 ns ns 0.98 
DCPA+urea 79 113 85 73 88 ns 0.11 ns ns 0.68 
Mean 76 91 76 80 ns 0.01 ns ns 0.23 
1998 
CGH 130 136 129 276 167 * 0.59 * ns 0.91 
CGM 185 187 219 269 215 ns 0.78 ns ns 1.00 
Urea 85 150 191 154 145 ns 0.47 ns ns 0.94 
DCPA+urea 179 241 233 147 200 ns 0.09 ns ns 1.00 
Mean 145 179 193 211 
z Plot size was 3 m2. 
y Means of four replications. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001, or not significant, respectively. 
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Table 13. Average berry weight (per plot) of 'Jewel' matted-row strawberry, 1996-1998. 
Treatments included three weed control products (CGH, CGM, or DCP A) and 
four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1996 Avg. berry wt./plot (g) Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of N 0 9.8 19.5 29.3 Mean Pr> ITI r2 Pr>ITI Pr> IT I R2 
CGH 11.2 9.9 9.2 12.4 10.7 ns 0.06 ns ns 0.91 
CGM 9.4 11.8 11.5 10.1 10.7 ns 0.04 ns ns 0.97 
Urea 9.0 9.5 11.9 10.3 10.2 ns 0.42 ns ns 0.66 
DCPA +urea 10.5 10.0 11.6 11. 7 10.9 ns 0.65 ns * 0.69 
Mean 10.0 10.3 11.0 11.1 * 0.91 * * 0.93 
1997 
CGH 7.7 7.7 7.9 6.7 7.5 ns 0.40 ns ns 0.83 
CGM 8.3 7.3 6.5 6.5 7.2 ns 0.85 ns ns 0.99 
Urea 6.9 7.2 5.9 9.2 7.3 ns 0.27 ns ns 0.67 
DCPA+urea 8.2 7.6 7.3 8.3 7.8 ns 0.00 ns ns 0.93 
Mean 7.8 7.4 6.9 7.7 ns 0.08 ns ns 0.75 
1998 
CGH 8.3 11.5 9.9 12.4 10.5 ns 0.59 ns ns 0.61 
CGM 11.3 12.0 9.9 13 .7 12.5 ns 1.00 ns ns 1.00 
Urea 10.5 10.3 13.9 12.3 11.7 ns 0.53 ns ns 0.62 
DCPA+urea 9.4 11.8 12.3 11.2 11.2 ns 0.38 ns ns 1.00 
Mean 9.9 11.4 12.3 12.4 * 0.88 * ns 1.00 
z Plot size was 3 m2. 
y Means of four replications. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P :s; 0.05, 0.01, 0.001, or not significant, respectively. 
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Table 14. Leaf nitrogen (per plot) of ' Jewel' matted-row strawberry, 1996-1998. Treatments 
included three weed control products (CGH, CGM, or DCPA) and four rates of N 
from three sources (CGH, CGM, or urea). z Y x w v 
1996 PercentN Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source ofN 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr> ITI Pr> IT I R2 
CGH 1.66 1.77 1.61 1.63 1.66 ns 0.10 ns ns 0.20 
CGM 1.67 1.78 1.82 1.73 1.75 ns 0.10 ns ns 0.60 
Urea 1.48 1.70 1.79 1.95 1.73 * 0.80 * ns 0.81 
DCPA+urea 1.70 1.91 2.00 1.99 1.90 ns 1.00 ns ns 1.00 
Mean 1.63 1.79 1.80 1.82 
1997 
CGH 1.79 1.84 1.88 1.84 1.84 ns 1.00 ns ns 1.00 
CGM 1.80 1.86 1.99 2.08 1.93 *** 1.00 *** ns 1.00 
Urea 1.78 1.79 1.71 1.92 1.80 ns 0.20 ns ns 0.60 
DCPA +urea 1.70 1.66 1.91 1.99 1.82 *** 0.67 *** ns 0.70 
Mean 1.77 1.79 1.87 1.96 
1998 
CGH 1.24 1.12 1.15 1.18 1.17 ns 0.13 ns ns 0.80 
CGM 1.19 1.24 0.96 1.28 1.17 ns 0.00 ns ns 0.25 
Urea 1.27 1.21 1.13 1.21 1.20 ns 0.25 ns ns 0.75 
DCPA+urea 1.13 1.19 1.24 1.11 1.17 ns 0.00 ns ns 1.00 
Mean 1.21 1.19 1.12 1.19 
z Plot size was 3 m2. 
Y Means of four replications, average of 10 leaves. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, *** , ns= Significant at P s 0.05, 0.01, 0.001 , or not significant, respectively. 
v Leaf nitrogen measured as total Kjeldahl nitrogen (TKN), % N of dry weight. 
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Table 15. Leaf area (per plot) of 'Jewel' matted-row strawberry, 1996-1998. Treatments 
included three weed control products (CGH, CGM, or DCPA) and four rates of N 
from three sources (CGH, CGM, or urea). z Y x w 
1996 Leaf area (cm2) Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of N 0 9.8 19.5 29.3 Mean Pr> ITI r2 Pr> I T I Pr> I T I R2 
COH 77.8 91.1 86.4 89.9 86.3 ns 0.46 ns ns 0.68 
COM 89.4 85.3 91.8 92.3 89.7 ns 0.37 ns ns 0.55 
Urea 84.8 79.9 88.0 95.1 87.0 ns 0.63 ns ns 0.92 
DCPA +urea 83.9 83.4 103.7 99.1 92.5 * 0.67 * ns 0.68 
Mean 84.0 84.9 92.5 94.1 
1997 
COH 56.3 50.5 60.8 62.6 57.6 ns 0.49 ns ns 0.65 
COM 63.0 57 .5 60.6 59.6 60.2 ns 0.17 ns ns 0.48 
Urea 53 .0 58.1 68.2 59.3 59 .6 ns 0.35 ns ns 0.76 
DCPA+urea 56.6 62.0 65 .3 59.6 60.9 ns 0.19 ns ns 0.94 
Mean 57.2 57.0 63.7 60.3 
1998 
COH 66.9 59.3 64.1 81.7 68.0 ns 0.43 ns * 1.00 
COM 66.5 68.9 70.3 78.5 71.1 ns 0.60 ns ns 0.74 
Urea 73.1 62.8 73.3 79.6 72.2 ns 0.56 ns ns 0.83 
DCPA+urea 65.5 66.3 70.9 71.3 68.5 ns 0.87 ns ns 0.88 
Mean 68.0 64.3 69.7 77.8 
z Plot size was 3 m2. 
y Means of four replications; sample size = 10 leaves/plot. 
x COH =com gluten hydrolysate, COM= com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001, or not significant, respectively. 
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Table 16. Average strawberry root dry weight (per plot) of 'Jewel' matted-row strawberry, 
1996 & 1997. Treatments included three weed control products (CGH, CGM, or 
DCPA) and four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1996 Avg. root dry wt. (g) Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of N 0 9.8 19.5 29.3 Mean Pr> I T I r2 Pr> IT I Pr> IT I R2 
CGH 7.6 9.4 6.8 6.0 7.5 ns 0.59 ns ns 0.72 
CGM 12.0 9.1 11.7 9.4 10.5 ns 0.84 ns ns 0.98 
Urea 5.6 10.2 7.0 8.1 7.7 ns 0.11 ns ns 0.29 
DCPA+urea 6.4 10.1 10.8 8.0 8.8 ns 0.00 ns ns 0.75 
Mean 7.9 9.7 9.1 7.9 
1997 
CGH 4.6 3.1 4.9 3.0 3.9 ns 0.14 ns ns 0.35 
CGM 5.3 6.6 5.2 5.9 5.7 ns 0.58 ns ns 0.81 
Urea 3.4 4.7 5.6 5.5 4.8 ns 0.57 ns ns 1.00 
DCPA +urea 6.1 5.8 6.0 6.6 6.1 ns 0.49 ns ns 1.00 
Mean 4.9 5.1 5.4 5.3 
z Plot size was 3 m2. 
y Means of four replications; sample size = one plant per plot. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001 , or not significant, respectively. 
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Table 17. Average strawberry crown dry weight (per plot) of 'Jewel ' matted-row strawberry, 
1996 & 1997. Treatments included three weed control products (CGH, CGM, or 
DCPA) and four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1996 Avg. crown wt. (g) Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source of N 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr >I T I Pr> I T l R2 
CGH 11.0 13.2 9.1 8.6 10.5 ns 0.41 ns ns 0.67 
CGM 24.0 11.7 21.4 12. l 17.3 ns 0.19 ns ns 0.20 
Urea 6.5 18.5 9.0 12.2 11.5 ns 0.09 ns ns 0.35 
DCPA + urea 8.5 13.9 13.7 9.4 11.4 ns 0.13 ns ns 1.00 
Mean 12.5 14.3 13.3 10.6 
1997 
CGH 6.8 4.7 7.5 5.7 6.2 ns 0.22 ns ns 0.29 
CGM 7.0 12.1 8.2 7.5 8.7 ns 0.01 ns ns 0.08 
Urea 6.2 9.3 8.1 6.2 7.5 ns 0.86 ns ns 0.99 
DCPA+urea 11.2 7.9 8.2 6.6 8.5 ns 0.43 ns ns 1.00 
Mean 7.8 8.5 8.0 6.5 
z Plot size was 3 m2. 
y Means of four replications; sample size = one plant per plot. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01 , 0.001 , or not significant, respectively. 
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Table 18. Average strawberry crown number (per plot) of 'Jewel ' matted-row strawberry, 
1996 & 1997. Treatments included three weed control products (CGH, CGM, or 
DCPA) and four rates of N from three sources (CGH, CGM, or urea). z Y x w 
1996 Avg. crown no. Linear model Quadratic model 
N rate (g·m-2) linear linear quadratic 
Source ofN 0 9.8 19.5 29.3 Mean Pr> IT I r2 Pr> IT I Pr> I T I R2 
CGH 2 2 2 2 2 ns 0.48 ns ns 0.62 
CGM 4 3 3 2 3 ns 0.28 ns ns 0.30 
Urea 2 3 2 2 2 ns 0.04 ns ns 0.28 
DCPA+urea 2 3 2 2 2 ns 0.01 ns ns 1.00 
Mean 2 3 2 2 
1997 
CGH 3 3 3 2 3 ns 0.03 ns ns 0.07 
CGM 3 5 4 4 4 ns 0.02 ns ns 0.54 
Urea 3 3 3 2 3 ns 0.01 ns ns 0.90 
DCPA +urea 4 3 4 3 3 ns 0.81 ns ns 0.87 
Mean 3 3 3 3 
z Plot size was 3 m2. 
Y Means of four replications; sample size = one plant per plot. 
x CGH =corn gluten hydrolysate, CGM =corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001, or not significant, respectively. 
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CHAPTER 3. GENERAL CONCLUSIONS 
General Discussion 
Efficacy of weed suppression by CGH may be related to rate of application. Com 
gluten hydrolysate treatments may reduce dicot weed number and weed biomass, but little 
effect was noticed on monocot weed populations. Plots that showed a reduction of weed 
number typically followed one of two patterns. In some cases, weed number decreased as 
treatment rate increased. This may be due to the herbicidal activity of CGH which may be 
more pronounced when applied at higher rates . The improved weed control of CGH at greater 
rates of N is consistent with previous research that has been conducted in strawberry and 
turfgrass with com gluten meal (Christians, 1991; Nonnecke and Christians, 1993). In other 
cases, weed number would initially increase after receiving the lowest rate of N (9.8 g·m-2). 
Weed number would increase and eventually peak, then begin a decline at the medium N rate 
(19.5 g·m-2) or greater treatment application rate (Nat 29.3 g·m-2). This may represent a 
biological response to N. The initial application of N may stimulate weed development, but as 
the N rate increases and exceeds the optimal level for N utilization by the plant, a toxicity 
problem may develop. 
Com gluten hydrolysate did not inhibit strawberry yield or plant development. 
Strawberry yield was not affected in plots treated with CGH in 1996 and 1997, and in 1998, 
yield increased as treatment rate increased. Average strawberry fruit weight and leaf weight 
were unaffected by all treatments in all years with the exception of 1996, when the DCPA + 
urea treatment plots showed a slight increase in fruit and leaf size as treatment rate increased. 
Strawberry crown number and dry weights of strawberry crown and roots were not affected by 
any treatments in any year. Com gluten hydrolysate had no effect on leaf Nin any year. Leaf 
N increased as treatment rate increased in urea treatment plots in 1996, in CGM treated plots in 
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1997, and in DCPA +urea treated plots in 1997. These results demonstrate that CGH contains 
a form of N that can be used by strawberry plants. Previous research by Christians (1993) has 
shown that com gluten meal can serve as a source of N for turf grass. Thus, growers who 
apply com gluten hydrolysate to their strawberry fields for weed control can reduce the amount 
of other fertilizer products that they would normally use. 
Our results indicate that com gluten hydrolysate has potential as a preemergence weed 
control product for use in matted-row strawberry. However, the degree of dicot and monocot 
weed control would likely need to be increased to improve it's acceptability as a commercial 
product. Herbicidal activity of CGH appears to be evident only when applied at high rates of 
N (29.3 g·m-2). This high rate of N could prove to be problematic for application with some 
crops. 
Corn gluten hydrolysate is a water-soluble product, and as such, during periods of 
moderate to heavy rainfall, the product may rapidly degrade and lose its weed-control benefits. 
It is possible that some weed suppression may have been lost when extended rainfall events 
followed application of CGH. However, rainfall in July - September was below normal or 
was close to normal for most of the years of the study (Appendix table 3). Therefore, other 
factors, such as rate of microbial breakdown, may play a more important role in the persistence 
of CGH in the soil. 
Natural weed control products may not duplicate the efficacy shown by synthetic 
herbicides, but might still reduce weed populations to densities below economic thresholds. 
Corn gluten hydrolysate could be incorporated into a broad-based, weed management system 
that made use of several weed control practices such as cultivation and other cultural weed 
management techniques. If used in such a system, CGH may be an effective tool for growers 
in agroecosystems who do not rely on synthetically produced herbicides. 
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Recommendations for Future Research 
Future research should investigate the influence of environmental conditions on the 
biological degradation of com gluten hydrolysate and com gluten meal in field soil conditions. 
Such research may be able to improve the longevity of these products in the soil. 
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APPENDIX: ADDITIONAL TABLES 
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Appendix Table 1. Average dry weight of dicot weeds harvested from 'Jewel' matted-row 
strawberry plots in August, 1997 & 1998. Treatments included three 
weed control products (CGH, CGM, or DCPA) and four rates of N from 
three sources (CGH, CGM, or urea). z Y x w 
1997 Avg. dicot weed dry wt. (g) 
N rate (g·m-2) 
Source ofN 0 9.8 19.5 29.3 Mean 
CGH 0.14 0.14 0.18 0.11 0.14 
CGM 0.11 0.10 0.41 0.22 0.21 
Urea 0.07 0.58 0.17 0.42 0.18 
DCPA +urea 0.14 0.08 0.33 0.17 0.18 
Mean 0.12 0.1 0 0.27 0.23 
1998 
CGH 0.38 0.48 0.88 1.05 0.70 
CGM 0.44 1.06 1.19 1.37 1.01 
Urea 0.32 0.62 0.95 1.44 0.83 
DCPA +urea 0.38 0.16 0.26 0.39 0.29 
Mean 0.38 0.58 0.82 1.06 
z Plot size was 3 m2, random sample area was .75 m2. 
Y Means of four replications. 
x CGH =com gluten hydrolysate, CGM =com gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
w *, **, ***, ns= Significant at P s 0.05, 0.01, 0.001 , or not significant, respectively. 
Appendix Table 2. Number of dicot weeds/plot in August of predominant weed species in' Jewel' matted-row strawberry, 
1995-1998. Treatments included three weed control products (CGH, CGM, or DCPA) and four rates 
of N from three sources (CGH, CGM, or urea) . z Y x 
1995 1996 1997 1998 
Weed number/plot Y 
Form Rate Purslane Purslane Dandelion Purslane Dandelion Canada White Pu rs lane Dandelion Canada White 
(g/m2) thistle clover thistle clover 
HYO 0 13 28 4 125 3 0 0 175 11 6 14 
HYO 9 .8 5 33 3 181 2 140 7 8 26 
HYO 19.5 22 32 2 188 1 0 2 104 7 19 
HYO 29.3 26 8 2 106 2 3 75 3 2 
CGM 0 10 23 2 89 3 3 0 119 12 9 12 
COM 9.8 2 35 3 115 0 0 83 7 2 10 Vl 
0 
COM 19 .5 16 23 94 0 62 3 4 18 
COM 29.3 13 20 2 93 2 3 2 44 4 11 
Urea 0 3 14 6 118 5 2 162 10 2 59 
Urea 9.8 10 32 3 208 0 0 96 5 0 15 
Urea 19.5 13 26 2 101 4 0 66 10 2 2 
Urea 29.3 15 34 2 103 0 33 4 3 
DCPA 0 9 27 3 88 3 5 139 18 10 39 
DCPA 9 .8 7 11 0 2 11 7 23 
DCPA 19.5 9 2 7 3 5 5 6 10 
DCPA 29.3 16 2 2 0 0 6 5 0 2 
z Plot size was 3 m2, random sample area was .75 m2; Means of four replications. 
Y CGH =corn gluten hydrolysate, CGM = corn gluten meal, DCPA =dimethyl tetrachlorobenzene-
dicarboxylate +urea. DCPA applied at 9 kg·ha-1. DCPA was not applied to the 0 g·m-2 treatment. 
x *, ** , ***, ns= Significant at P :s; 0.05, 0.01, 0.001 , or not si gnificant, respectively. 
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Appendix Table 3. Monthly average rainfall amount at Iowa State Univ. Horticulture Research 
Station, Ames, IA, April-September, 1995-1998. z 
Rainfall 
Deviation from 
Inches normal, inches Y 
Month 1995 1996 1997 1998 1995 1996 1997 1998 
April 4.50 0.89 1.11 2.35 +l.41 -2.20 -1.18 +0.06 
May 4.23 5.83 3.68 3.62 -0.27 +1.58 -0.57 +0.63 
June 3.88 5.64 3.47 12.89 -1.92 -0.16 -2.33 +7.09 
July 3.10 3.15 5.37 2.15 -0.5 2 -0.47 +l.75 -1.47 
August 2.62 3.69 1.25 2.49 -1.03 +0.04 -2.40 -1.16 
Sept. 2.07 3.12 2.47 0.79 -1.23 -0.18 -0.83 -2.51 
z Source of data: Annual fruit/vegetable progress report, 1996-1998, Iowa State Univ. Ext. Bul. FG-601. 
Y Based on 40-year average. 
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